Adult female Sprague-Dawley rats were hyperimmunized with group A streptococcal vaccine in an attempt to evaluate this species for its immunological responsiveness to the group A streptococcal carbohydrate. Pronounced hyperproteinemia, generally attributable to hypergammaglobulinemia was produced in 30 to 40% of the animals. The immune response of the rats was extremely variable, yielding precipitating antibody concentrations ranging from <0.1 mg per ml to >26 mg per ml. Antibody levels also varied considerably in the same rat at different times during the immunization routine. The highest concentration of precipitating antibody was 26.3 mg per ml. Evidence is presented to suggest the production of antibodies of restricted heterogeneity and the production of non-streptococcal antibodies during the immune response.
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High levels of antibody with restricted heterogeneity directed against carbohydrate antigens have been induced in rabbits after hyperimmunization with streptococcal (13) and pneumococcal vaccines (14) . Gel electrophoresis studies and N-terminal amino acid sequence analysis of light chains from antibodies to the groups A and C streptococcal carbohydrates showed marked restriction in heterogeneity (8, 12) . Hypergammaglobulinemias approaching 60 mg of 'yglobulin per ml of serum have been recorded for some rabbits. Sharks have also been shown to respond to the streptococcal vaccine with macroglobulin levels of 10 mg per ml of serum (5) . Leslie and Clem (11) (13) , and the group A streptococcal carbohydrate was prepared as previously described (11) . Rats were given 0.5 mg of vaccine intravenously 3 times a week for 4 weeks, rested 30 days, immunized for an additional 2 weeks, rested 3 weeks, and injected for 2 more weeks. All blood collections were made 5 days after the last injection. Streptococcal agglutinin titers. Streptococcal cell walls were prepared, and agglutinin titers were performed by the cell wall agglutination test of Karakawa et al. (9) , adapted to the microtiter system by the following modification. The cell walls were suspended in tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer, pH 7.4, (0.14 M NaCl in 0.015 M Tris-HCl) to an optical density of 0.7 at 580 nm in a 1-cm cuvette. The test sera were diluted with 0.5% bovine serum albumin in microtiter wells, and 0.025 ml of the cell wall suspension was added to each 0.025-ml dilution. The microtiter plates were rotated gently and allowed to sit at room temperature for 16 h. End-point agglutinin titers were determined by using an indirect light source with the aid of a hand lens.
LESLIE AND CARWILE
Quantitative precipitin analysis. Quantitative precipitin tests were performed in Tris-HCl buffer (pH 7.4) with 0.011 M ethylenediaminetetraacetic acid by using 0.1 ml of serum at each antigen concentration in a total volume of 1.0 ml. The precipitin tubes were incubated for 30 min at 37 C and stored at 4 C for 48 h. The washed precipitate was then dissolved in 2.0 ml of 0.1 N NaOH, and the optical density was determined at 280 nm in a Beckman DU spectrophotometer. Total protein in the precipitates was determined by using E'% 280 nm; 1 cm equals 14.6 for the rat (1) .
Preparation of bovine anti-rat IgG. Rat immunoglobulin G (IgG) was isolated from pooled whole rat serum by diethylaminoethyl-cellulose ion exchange chromatography. The column was equilibrated with 0.005 M phosphate buffer (pH 7.6), and IgG was eluted with the same buffer. The IgG (5 20 had less antibody, 3 had more antibody, and 1 had the same amount of antibody when compared with their 6-week levels. Whereas after 6 weeks of immunization, 3/11 of the animals had > 10 mg per ml of antibody, 0/8 had > 10 mg per ml after 8 weeks (Table 1) . Streptococcal agglutinin titers varied according to the individual animal and with time of immunization, as was observed with precipitating antibody levels ( Table 1) . Individual animal agglutinin titers ranged from 20 after 1 week of immunizations up to 10,240 (rat 17) after 6 weeks of injections. All rats had detectable agglutinin titers after the first week of injections. The highest titer at this time was 1,280 in rat 17. This animal also had the peak titer of 10,240 after 6 weeks of injections. Hyperproteinemia and hypergammaglobuulinemia. The multiple streptococcal immunizations resulted in hyperproteinemia and hypergammaglobulinemia in some rats ( Fig. 1 ; Table 2 ). After 6 weekly series of injections, 4 of 10 rats had serum protein values of 8.0 x 103 mg per 100 ml or greater (with a value of 9.9 x 103 mg per 100 ml in rat 17), whereas preimmune values were 6.0 x 103 mg per 100 ml to 6.6 x 103 mg per 100 ml. Also at this time, 4 of 10 animals had more than 20% of their serum proteins in the y-fraction, with rat 17 having 42.2% of her serum proteins as -y-globulins. Preimmune y-globulins accounted for 7.7 to 16.7% of the total serum proteins (average = 12.9%).
Antibody content and electrophoretic char- acteristics of the e-globulins. Four of 10 rats (numbers 1, 10, 17, and 9 [now shown]), after 6 weeks of injections, exhibited definite peaks in the y-globulin region of their serum electrophoretograms (Fig. 1) . This, in some cases, suggested restriction in the electrophoretic heterogeneity of antibodies of these animals. The 6-week serum samples from rat 1 showed two peaks of fy-mobility. When the specific antibody to the streptococcal carbohydrate was removed from the antiserum with an IA, a single narrow band remained in the y-fraction. The specific antibodies eluted from the IA also migrated as a single narrow band, thus accounting for the two -y-peaks seen by electrophoresis (Fig. 2) . The y-globulins of the 6-week serum from rat 17 behaved similarly. These 2 absorbed antisera failed to agglutinate streptococcal cell walls or precipitate with various concentrations of carbohydrate antigen, indicating that the remaining y-globulin was not antibody to other accessible antigenic determinants in the streptococcal cell wall. After absorption with the streptococcal carbohydrate immunosorbent, these antisera were absorbed on a bovine anti-rat IgG IA. This procedure removed the remaining yglobulin bands from the sera, indicating that these y-globulins were indeed immunoglobulins. The isolated antibodies from the other rats were electrophoretically heterogeneous. Of the 10 6-week immunization sera studied here 3, or 30%, yielded an electrophoretically restricted antibody component off the IA.
DISCUSSION
The data in this report indicate that the Sprague-Dawley rat responds to hyperimmunization with group A streptococcal vaccine much the same as the rabbit (13), mouse (3), and the chicken (11). Rat anti-streptococcal carbohydrate precipitating antibody levels of 10 to 26 mg per ml in 30% of the animals compare well with the values reported in the rabbit (3). Most, if not all, of the specific anti-streptococcal antibody in the rat appears to be directed against the group-specific carbohydrate of the bacterial cell wall. The purified antibodies in some rats showed marked restriction in electrophoretic mobility (Fig. 2) . This could indicate a marked reduction in the structural heterogeneity of the antibodies, as occurs in the rabbit (8, 12 ). This immunization procedure appears then to offer a method for obtaining sufficient quantities of suitable rat antibody for further structural studies. Sequence analysis may allow for comparisons of primary amino acid sequences of specific antibodies, as, for example, between the rat and other species such as rabbit (8), chicken (11) , and mouse (4) . In the highly responding rats not all of the immunoglobulins are streptococcal-specific antibody (Fig. 2) , an observation also made in some rabbits (3), chickens, and quails (G. A. Leslie, unpublished observations) . The recent observations of Bokisch et al. (2) regarding the occurrence of antiimmunoglobulins in hyperimmunized rabbits would seem to be relevant in the rat system also.
In this series of experiments the immune response appeared to be most vigorous after 6 
